Three cannulated, multiparous dry cows were randomly assigned to a 3×3 Latin square experiment to evaluate the effects of different lucerne hay particle size on eating behaviour, chewing activity, and rumen fermentation based on measurements of the Penn State Particle Separator. During each of the 21-d periods, animals were offered one of three total mixed rations, which were chemically identical but included lucerne hay of different length (2, 4, 8 cm). Results showed that increasing lucerne hay particle size decreased intake of DM and NDF, increased chewing activities, rumen pH and ammonia concentration, and decreased the concentration of VFA.
INTRODUCTION
The concept of effective fi bre was created to amalgamate the chemical characteristics and particle size of the forage, and to quantify its value to rumen function (Mertens, 1997) . The ability to routinely measure ration particle size has been diffi cult until the introduction of The Penn State Particle Separator (PSPS). PSPS is a quick and effective tool to estimate forage or total mixed ration (TMR) particle size (Kononoff and Heinrichs, 2003) .
Although a lot of studies have been conducted in recent years to determine the effects of dietary particle size on feed intake, chewing time and rumen pH, data are lacking on the effects of particle size on a consumption of total DM and NDF, and relatively few have been designed using dry cows. Lucerne hay is the most effective source affecting particle size of TMR for cows in China. For these reasons, the objective of the present study was to determine the effect of different particle size of lucerne hay on feed intake, chewing activity, rumen pH and fermentation in dry cows.
MATERIAL AND METHODS

Design and treatments
Three ruminally cannulated, multiparous dry cows averaging 700±50 kg BW were randomly assigned to one of 3×3 Latin square design. During each of the 21-d periods, animals were offered one of three diets, which were chemically identical but differed in lucerne hay particle size (Table 1) . The diets contained 13, 2.05, 2.2, 1.75, 0.1, 0.2, 0.2, 0.2, 0.2, 40 and 40% of DM maize, cottonseed meal, wheat bran, soyabean meal, limestone, dicalcium phosphate, sodium bicarbonate, salt, mineral and vitamin mix, lucerne hay and whole maize silage, respectively. Diets were composed of either short hay (SH), medium (MH) or long hay (LH). The length of lucerne was 2, 4 and 8 cm, respectively, for SH, MH and LH. All diets were formulated to meet nutrient requirements of dry cows (NRC, 2001) .
Animals were housed in individual stalls. Diets were fed as TMR for ad libitum consumption at 06.00 and 18.00 h to allow for approximately 5.0% refusal. Cows had free access to water.
Experimental measures and sample analysis
Samples of feed were collected twice weekly and orts were collected during the last 5 d of each period. Collected samples were analysed for crude ash, crude protein, NDF, ADF, calcium and phosphorus. The PSPS was used to measure particle size for both TMR and orts as described by Kononoff and Heinrichs (2003) . Chewing activities of the three cows were monitored visually every 5 min for a 24-h period from the 12 to 13th day of the experimental period. Chewing activities were expressed as total minutes for the 24-h period or on the basis of DMI and NDF intake by dividing minutes of eating or ruminating by intake. On d 13 of each period, ruminal contents were collected at an interval of 2 for 24 h daily. Rumen liquid pH was immediately determined using a handheld pH electrode (model M90, Corning Inc., Corning, NY). Ammonia and VFA concentrations were analysed using a phenol-hypochlorite assay (Broderick and Kang, 1980) and gas chromatography (Yang and Varga, 1989) , respectively.
Statistical analyses
The experimental data were analysed as a 3×3 Latin square design using the Proc. Mixed, SAS (1998).
RESULTS
Compared with SH diet, proportion of DM and NDF on the fi rst sieve signifi cantly increased in the MH and LH diets (P<0.01), but the proportion of DM and NDF on the fi rst sieve in LH diet increased slightly than the MH diet ( Table 2 ). The proportion of DM on the second sieve was higher for the diet of MH and LH than SH diet, but there was no signifi cant difference in the proportion of NDF on the second sieve among the three diets (P>0.01). peNDF of the MH and LH diets were increased signifi cantly compared to SH diet (P<0.05), but there was no signifi cant difference between MH and LH diets.
In the MH and LH diets, DMI was reduced by 7.6 and 25.4%, and NDF intake (NDFI) was reduced by 6 and 26.4%, respectively, compared to SH diet (Table  3) . Intake of peNDF (peNDFI) from cows fed LH diet was decreased signifi cantly (P<0.01) compared the SH or MH diets. The effects of lucerne hay particle size on eating and ruminating activity were presented in Table 3 . Increasing the particle size did not obviously affect total ruminating time, but total eating time, ruminating time per unit of DM or NDF and eating time per unit of DM or NDF were increased signifi cantly. As a result, daily total time of chewing (eating + ruminating) and chewing time per unit of DM or NDF intake increased with increasing particle size of the diets.
Rumen pH from cows fed MH and LH diet increased signifi cantly (P<0.05) compared with cows fed SH diet (Table 4) . Total concentration of VFA tended to decrease from 135.8 to 130.6 mM with increasing particle size of the diets. Concentration of acetate, propionate and butyrate also decreased slightly with increasing particle size of the diets, but the ratio of acetate and propionate signifi cantly increased with increasing particle size in the diets (P=0.05). Concentration of ammonia in the rumen increased by 10.4 and 19.3%, respectively, when MH and LH diets were fed compared to SH. 
DISCUSSION
The results of our study showed that increasing hay particle size signifi cantly decreased DMI, NDFI and peNDFI. It is possible that DMI was the most important factor affecting NDFI and peNDFI because of similar NDF and peNDF content among the three diets.
Reducing lucerne hay particle size was observed to result in a linear reduction in eating and ruminating time per unit of DM and NDF consumed. This result was similar to previous study (Kononoff and Heinrichs, 2003) which suggested increasing the proportion of particles >19.0 mm may be a primary factor affecting chewing activity of dairy cattle. In the current study, reducing lucerne hay particle size did not signifi cantly affect total ruminating time, but signifi cantly reduced eating time, which was different from other reports (Bal and Shaver, 2000; Schwab and Shaver, 2002) , it was possibly due to the greater differences of lucerne hay length. Present diets had the same sources and amount of NDF, and ingredients were same among different treatments. Therefore, the difference in lucerne hay particle size might be the most infl uential factor affecting chewing activity. Our study suggested that increasing the length of lucerne hay from 2 to 8 cm increased chewing activity. Some researchers (Yang and Beauchemin, 2006) reported it was likely that cows increased their chewing activity through either chewing rate or chewing time, or both, in relation to increased peNDF intake, but we didn't get similar result from a current study, increasing the proportion of particles >8.0 mm may be a primary factor affecting chewing activity.
In this study, increasing lucerne hay particle size increased rumen pH and decreased the concentration of acetate, propionate, butyrate and total VFA. Our results were consistent with the study of Kononoff and Heinrichs, (2003) . The effect of particle size on total rumen VFA could be interpreted as that particle size affected the degree of rumen digestion of carbohydrates. Beauchemin and Rode (1997) reported that increasing fi bre level and forage particle size effectively increased rumination, resulting in increased salivation, rumen pH, acetate:propionate ratio. Concentration of rumen ammonia was increased with the increase in lucerne hay particle size, it may be the result that more ammonia produced in SH diet was used by microorganism because more VFA produced in rumen were available in SH diet.
CONCLUSIONS
The results of the study suggest that increasing particle size of lucerne hay can decrease dry matter and neutral detergent fi bre intake. However, it can increase chewing behaviour of the animals, and the proportion of particles >8.0 mm may be the primary factor that affect chewing activity.
